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Introduction: Little is known about the acute effect of strain stimulus on the in vivo properties and morphology of human tendon. In 
one of the few studies performed to date, Kubo et al.1 observed a 27% decrease in the Achilles tendon stiffness immediately 
following five minutes of isometric plantarflexion exercise and hypothesized that post-exercise remodelling resulted in an initial 
transient period of mechanical weakness. While the study did not include measures of tendon cross-section to support their claim, a 
recent investigation employing magnetic resonance imaging (MRI) has shown an increase in Achilles tendon volume (12%-17%) and 
intratendinous signal 30 minutes after exercise.2 The authors speculated that the increase in cross-sectional area effectively lowered 
the stress within the tendon during exercise. However, tendon enlargement via increased water content, as indicated by the short 
response time and greater intratendinous signal, would not alter the tensile stress borne by collagen fibres but would artificially lower 
the apparent elastic modulus of the tendon. Given that previous experiments have employed cross-sectional study designs, the time-
course of the adaptive change in tendon morphology remains unknown. The aim of the current study, therefore, was to describe the 
acute time course adaptive change in Achilles tendon dimensions in response to a bout of ankle plantarflexion strength exercise.
Methods: Eight healthy adult males (mean age 42 ± 10 years, height 1.79 ± 0.06 m and weight 78.1 ± 11.1 kg) provided written 
consent to participate in the study. No participant reported a history of inflammatory joint disease or Achilles tendon pain within 24 
months prior to testing. All participants refrained from vigorous physical activity for 24 hours prior to and throughout testing.
Sonographic examination was undertaken by a single operator experienced in musculoskeletal imaging. Achilles tendon thickness 
was determined from sagittal plane sonograms and acquired with the aid of a stand-off pad and a 10-5MHz linear array transducer 
(LOGIQ BookXP, GE Healthcare). The sagittal thickness of the Achilles tendon was measured at a standard reference point, 1 cm 
from the calcaneal insertion while the subject was in a prone position with the ankle held neutrally at 90 to the leg. The coefficient of 
variation for repeated measures of tendon dimensions using this technique is 1.1%. Following baseline measures, subjects 
completed a series (five sets; 15-20 repetitions/set) of standing, bilateral ankle plantarflexion exercises from full ankle plantarflexion 
to full dorsiflexion with the knee in an extended position. These exercises were performed against a resistance load of 150% 
bodyweight so as to induce tensile loads typically experienced by Achilles tendon during running. Tendon measures were acquired 
immediately on completion of the exercise intervention and repeated during recovery at 3, 6, 12 and 24 hours post-exercise.
Results and Conclusion: In contrast to the findings of previous MRI studies,2 a significant decrease in tendon dimensions was 
noted immediately following resistive plantarflexion exercise. While tendon thickness returned to pre-exercise levels within 24 hours, 
the primary recovery time (time to return to 63% of pre-exercise dimensions) occurred between 6 and 12 hours post-exercise (Fig 1). 
Based on the work of Kastelic and Baer3, collagen realignment and a reduction in tendon crimp would account for <5% of the 
observed reduction. While Poisson’s effects may also contribute to the acute change in tendon thickness, we propose the decrease 
in tendon thickness with tensile loading primarily reflects unbinding of water from the matrix and its radial extrusion from the tendon 
core. Previous studies, in vitro, have shown water is lost from animal tendon when exposed to either static or cyclic loading.4
With unloading, the recovery of tendon dimensions likely 
reflects the re-diffusion of water via osmotic and/or 
inflammatory driven processes. Using an exponential curve 
fitting procedure, the mean rate constant for the post-
exercise increase in tendon thickness (0.74%.hr-1, r2 0.58-
0.98) was identical to that for the diffusion of fluid in rabbit 
tendon in vitro,5 suggesting a largely osmotic process. 
However, the data were more suitably fit by a polynomial 
function (r2 0.91-0.99), indicating that other factors are also 
involved in tendon recovery (Fig 1). For example, markers of 
inflammation and collagen synthesis are known to be 
elevated in peritendinous tissues for up to 72 hours after 
strenuous exercise which inturn would lead to fluctuations in
the fluid content of tendon. While this may assist nutritional
exchange at the poorly perfused tendon core it will also alter 
the cross-sectional area (by up to 26% in our data) and 
therefore lead to estimation errors for the elastic modulus.
However, the potential for injury will remain the same, as the 
combined number and strength of collagen fibres would 
remain unchanged. Thus, the implications of fluid movement 
in response to stress, challenges the concept that tendon 
undergoes a transient period of mechanical weakness 
immediately post-exercise.1
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Figure 1. Post-exercise change in tendon thickness
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